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The title compound, C 20 H 24 N 2 O 4 , is the product of a ring-expansion reaction from a seven-membered hexahydroazepine to a nine-membered azonine. The azonine ring of the molecule adopts a chair-boat conformation. In the crystal, molecules are linked by bifurcated N-HÁ Á Á(O,O) hydrogen bonds, generating [010] zigzag chains. The title compound shows inhibitory activity against acetylcholinesterase and butyrylcholinesterase, and might be considered as a candidate for the design of new types of anti-Alzheimer's drugs.
Chemical context
The azonine moiety has long been known as a building block of natural alkaloids (Neuss et al., 1959 (Neuss et al., , 1962 Uprety & Bhakuni, 1975) . Azonine derivatives are known to act as ligands towards different receptors, thus demonstrating diverse types of biological activity (Magnus et al., 1987; Kuehne, Bornman et al., 2003; Kuehne, He et al., 2003; Afsah et al., 2009; Rostom, 2010; Tanaka et al., 2014; Soldi et al., 2015; Hartman & Kuduk, 2016) .
The direct synthesis of such systems from acyclic precursors is difficult due to thermodynamic and kinetic limitations and hence the search for novel and efficient synthetic routes to medium-sized rings has attracted appreciable attention in recent years. Earlier, we elaborated a ring-expansion reaction from a six-membered tetrahydropyridine ring to an eightmembered azocine ring under the action of activated alkynes applicable to fused tetrahydropyridines (Voskressensky et al., 2004; . Herewith, we report on the synthesis of nine-membered azonine ring from a seven-membered hexahydroazepine precursor using a similar reaction. More specifically, the initial 2-ethyl-1, 2,3,4,5,6-hexahydroazepino[4,3-b] indole in a methanol solution at room temperature under the action of dimethyl acetylenedicarboxylate undergoes a series of tandem transformations involving the hexahydroazepine ring giving rise to azoninoindole (I) and 3-methoxymethyl-substituted indole (II) (Fig. 1) .
The title compound (I) has been tested in vitro for acetylcholinesterase and butyrylcholinesterase inhibition and demonstrated the inhibitor activity of 33.1 mM and 89.1 mM against acetylcholinesterase and butyrylcholinesterase, respectively. Thus, azoninoindoles might be considered as candidates for the design of new types of anti-Alzheimer's drugs.
Structural commentary
The title compound (I) is the product of the ring expansion described above. Its molecular structure is unambiguously confirmed by the X-ray diffraction study (Fig. 2) .
The nine-membered azonine ring of the molecule adopts a chair-boat conformation (the basal planes are C5-C6/C7A-C12B and N4-C5/C1-C12B, respectively). It should be noted that the analogous nine-membered azonine ring in the related compound methyl 4-ethyl-11-methyl-1,4,5,6,7,8-hexahydroazonino [5,6-b] indole-2-carboxylate adopts a twisted boat conformation (Voskressensky, Akbulatov et al., 2006) . The C2 C3 and C3-N4 bond lengths [1.361 (2) and 1.401 (2) Å , respectively] in (I) indicate the presence of conjugation within the enamine C2 C3-N4 fragment. The substituent planes at the C2 C3 double bond are twisted by 18.12 (13) , presumably due to steric reasons. The N4 nitrogen atom has a trigonal-pyramidal configuration (sum of the bond angles is 345.5
). The interplanar angle between the carboxylate substituents is 59.74 (6) .
Supramolecular features
In the crystal, molecules of (I) form zigzag chains propagating in the [010] direction by bifurcated N-HÁ Á Á(O,O) hydrogenbonding interactions (Table 1) which are further packed in stacks toward [100] (Fig. 3 ).
Synthesis and crystallization
Dimethyl acetylenedicarboxylate (170 mg, 1.2 mmol) was added to 2-ethyl-1,2,3,4,5,6-hexahydroazepino[4,3-b] indole (214 mg, 1 mmol) dissolved in methanol (10 ml). The reaction mixture was stirred for 2 h at room temperature and the The molecular structure of (I). Displacement ellipsoids are drawn at the 50% probability level. H atoms are shown as small spheres of arbitrary radius. Table 1 Hydrogen-bond geometry (Å , ). 
Figure 3
The crystal packing of (I), viewed along the crystallographic a axis. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The amino-H atom was localized in Fourier syntheses and its position freely refined. The C-bound H atoms were placed in calculated positions with C-H = 0.95 Å (aryl-H), 0.96 Å (methyl-H), and 0.98 Å (methylene-H) and refined in the riding-model approximation with the constraint U iso (H) = 1.5U eq (C) for the methyl groups and 1.2U eq (C or N) for all other H atoms.
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Dimethyl 4-ethyl-1,4,5,6,7,8-hexahydroazonino[5,6-b]indole-2,3-dicarboxylate
Crystal data Extinction coefficient: 0.0139 (16)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å

